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the usual way. 

wavelength of the incident beam is  e i the r  s l igh t ly  shorter  o r  

s l i gh t ly  longer than the absorption-edge wavelength of the 

sought element. 

in to  the counter includes fluorescence radiation; i n  the l a t t e r  

In the second and most promising method, the 

I n  the  former case, t he  radiation coming 

e 
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The sample t o  be analyzed i s  i r rad ia ted  by a convergent, al- 

element. 

smaller than a few ten ths  of a square millimeter, has been 

applied with success. Some examples of i t s  application (ana- 

l y s i s  of zinc i n  ores, determination of the thickness of very 

th in  films of nickel)  are given. 

This method, which permits analysis of surfaces 

\ 
1. Introduction / 

If a s m a l l  portion of a given specimen is t o  be analyzed by means of the 

conventional X-ray fluorescence analyzer, it i s  conventional t o  bundle the 

x- Laboratory f o r  Physical Chemistry, Faculty of Sciences, University of P a r i s ,  
France. 

-;tit Numbers i n  the margin indicate pagination i n  the or iginal  foreign text. 
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primary radiation by a narrow slit. 

For focusing the X-ray beam on the specimen, it i s  a l so  possible t o  make 

Unfortunately, i n  most use of the  focusing properties of curved crystals.  

cases, t he  beam rendered convergent i n  this manner i s  also made prac t ica l ly  

monochromatic, so tha t  what one gains i n  solid angle might be l o s t  again i n  

energy. 

an excitation by a primary polychromatic radiation, the useful wavelength domain 

l i e s  between the minimum wavelength of t h i s  radiation (i.e., 0.27 

t e n t i a l  of 45 kv) and the wavelength of the  K absorption discontinuity of zinc 

(1.28 i). Thus, t h i s  domain extends over a range of about 1 A. 

l y ,  a radiation emitted by a conventional monochromator i s  used, the passband 

of t h i s  monochromator, f o r  a focus of 0.2 nun, will be of t h e  order of 0.01 k .  
It i s  obvious tha t  the energy yield will only be a few percent. 

energy loss i s  not catastrophic i n  t h e  following cases: 

selected from the primary radiation spectrum, can be used; 2) i f  one can do 

without a spectrometer f o r  analyzing the radiation emitted by the specimen. 

For example, l e t  us  consider the fluorescence of zinc: I n  the case of 

f o r  a po- 

I f ,  converse- 

However, the /446 

1) i f  an intense l i ne ,  

2. Uti l izat ion of an Intense Line 

To demonstrate whether the method i s  a t  a l l  useful, we selected the lb 

radiat ion of copper f o r  excit ing a cobalt specimen. 

Machlett AEG 50 A tube; t h e  monochromator, of the point-focusing type, was 

formed by a single-crystal aluminum f o i l ,  cylindrically oriented and curved, 

such t h a t  the ref lect ing planes (200) had a toroidal  shape (Despujols, 1952). 

The pr incipal  r a d i i  of curvature were 50 and 345 mm, and the  useful area of the 

f o i l  was 5 X 35 mm2. 

1 mm2. 

The X-ray tube used was a 

The impact area of the beam on the specimen was about 

Finally, the spectrometer equipped with a curved aluminum crys ta l  (R = 

2 



= 250 mm, useful area: 10 X 20 mm) developed by Cauchois e t  al.  (1950) was 

equipped with an old-type Geiger counter. 

l e t s ,  were t a b l e t 4  from a mixture of cobalt chloride and potassium chloride 

( Fig. 1 ) . 

/447 

The specimens, i n  the form of pel- 

a Mono chrora t o r 

Fig.1 Schematic Diagram of the Device U s e d  for  
&citing Cobalt by KCY Radiation of Copper 

Figure 2 gives a general idea on the resu l t s  obtained with t h i s  f i r s t  de- 

sign, f o r  an output of the X-ray tube of 1 5  ma a t  40 kv. 

number of pulses a t  the e x i t  from the  counter i s  low, but w e  a r e  confident t ha t  

It i s  t rue  tha t  the 

we w i l l  be able t o  increase this considerably, by using crystals  of la rger  di-  

mensions and a proportional counter. 

One of the  advantages of t h e  method resides i n  the f a c i l i t y  with which ab- 

sorption calculations can be performed, provided tha t  t h e  composition of the 

matrix i s  known. I n  fact ,  the  radiations involved are monochromatic, while the 

incident and emerging beams make well-defined angles with the surface of the 
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specimen. 

of a calculation based exclusively on the absorption coefficients and on the  

in tens i ty  corresponding t o  a p e l l e t  of pure cobalt (point A ) .  

In  the example given here, the solid curve in Fig.2 gives the result 

3. Method of Different ia l  Excitation 

We developed a method which does not require a spectrometer but  necessi- 

t a t e s  the  use of  two adjacent wavelengths h l  and h a  spanning the wavelength of 

0 50 loo 
Ye Cobol1 

Fig.2 Preliminary Results, Obtained i n  &citing 
Cobalt by the Ka Radiation of Copper 

the K absorption discontinuity of the  element under study. 

d ia t ion  corresponding t o  the shortest of these wavelengths can excite the  fluo- 

The primary ra- /L48 

rescence of this element, whereas the other cannot do SO. 

t h e  i n t e n s i t i e s  measured by a counter located i n  the d i r ec t  v i c in i ty  of the 

Denoting by I1 and I, 

specimen, the fluorescence intensi ty  will be given by 11, corrected by b. 

In  the arrangement designed by one of us (H.Roulet), shown i n  Fig.3, a 

monochromator with single curvature (aluminum crystal ,  ref lect ion 200) was 

placed in f ront  of the window of a Machlett AM; 50 T tube with a tungsten anode. 

A movable s l i t  cuts out the wavelengths XI and X2 w h i l e  the object stage and [442 
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t he  counter a re  displaced together w i t h  the  sl i t  (Roulet and Despujols, 1961). 

Specimen 

Fig.3 Schematic Diagram of the Device Used 
f o r  Differential  =citation of Zinc 

Figure 4 gives the results obtained for  zinc, in a mixture of  natural m i -  

2 nerais; t n e  C;LIW~A~,,; ;f t!x :.%Z!C--... 7 . r ~ ~ -  0- 5 X 0.5 mm . The wavelength hl 

4 
0 5 lo 

% Zn 

Fig.4 Preliminary Results Obtained f o r  
the Differential Excitation of Zinc 

corresponded t o  the LB, l i n e  of tungsten. 

the  correction coefficient m was only 3.5 (m can be readily determined; f o r  

Despite this fact ,  the magnitude of 

zero zinc content, m = I ~ / I ~ ) .  
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S t i l l  other applications of t h i s  method are  possible, specif ical ly  the 

measurement of th in  films, with o r  without base. 

made on nickel coatings of t h i c b e s s e s  between 250 and 1500 w, yielding coherent 

resu l t s ,  with the in tens i ty  of fluorescence being proportional t o  the thickness. 

Ecperiments have a l so  been 

4. Conclusions 

A comparison of Figs.2 and 4 gives a general idea on t h e  in tens i ty  gain due 

t o  the elimination of the spectrometer, although it i s  qui te  d i f f i c u l t  t o  make 

an accurate allowance f o r  these two factors. The in tens i ty  gain was evaluated 

by a d i r ec t  measurement i n  the case of cobalt and was found t o  be of the order 

of 500. 

It should be emphasized again that these preliminary t e s t s  were made wi th  

experimental equipment, subject t o  numerous modifications. However, such as 

they are, they have demonstrated tha t  X-ray lenses, using curved crystals ,  may 

const i tute  valuable aids i n  loca l  analyses by X-ray fluorescence. One might 

even think of a future development of "X-ray probes" which, without actual ly  

replacing them, could complement the valuable instruments known as "electron 

probe st'. 
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